Introduction
The World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0; Üstün et al., 2010b) was developed with the goal of moving beyond diagnosing a person with a mental health problem to improving understanding of the impact of the disease on a person's functioning, ability and quality of life (Üstün and Chatterji, 1998; Üstun et al., 2001) . Unlike other assessments which have combined distinct concepts such as disability, psychiatric symptomology, social support, and subjective well-being into one measure, the WHODAS 2.0 focuses on disability (Rehm et al., 1999) based on the International Classification of Functioning, Disability and Health (ICF) (ICIDH; Üstun et al., 2001; World Health Organization, 1980 , 1997 ). The WHODAS 2.0 captures the multi-dimensional nature of disablement (Rehm et al., 1999; Üstün et al., 2010a; Üstün et al., 2010b) , including items from six domains: understanding and communicating with the world; moving and getting around; self-care; getting along with people; life activities (domestic responsibilities, leisure, work and school); and participation in community activities (Rehm et al., 1999) . The WHODAS 2.0 is noted for its usefulness in population surveys, monitoring health outcomes and evaluating treatment effects (Üstün et al., 2010a) The WHODAS 2.0 was developed for broad applicability across cultures and subpopulations. It originally consisted of 96 items and was subsequently reduced to a 36-item inventory based on both classical test theory and item response theory (Üstün et al., 2010b) . A short 12-item screener version of the WHODAS 2.0 was developed for use as a brief assessment of overall functioning. It includes items across the six domains of the 36-item WHODAS and has been found to explain 81% of the variance of the full WHODAS 2.0 and to identify over 90% of individuals with disabilities on the full scale (Üstün et al., 2010b) . The 12-item scale was supported for use across cultures, sexes, age groups, and types of health conditions (Üstün et al., 2010b) . However, although extensive psychometric evaluations have been conducted for the full 36-item WHODAS 2.0 (Üstün et al., 2010b) there remains a relative paucity of research on the 12-item screener, especially outside of clinical settings.
Research examining the psychometric properties of the 12-item WHODAS 2.0 has been conducted in primary care patients with a first major depressive episode (Luciano et al., 2010a; , patients with myocardial infarction (Kirchberger et al., 2014) , neurosurgical patients (Schiavolin et al., 2014) , trauma patients (Abedzadeh-Kalahroudi et al., 2016) , patients with chronic musculoskeletal pain (Saltychev et al., 2016) , and older adults from low-and middleincome countries (Sousa et al., 2010) . This research has demonstrated high internal consistency, construct validity, convergent and discriminant validity, and no bias in the way participants respond to items based on gender, age, education, marital status, presence of comorbidities, overall health status, and smoking status. That is, when these groups (e.g. older and younger individuals) had the same level of disability, they responded to items in the same way.
Furthermore, these studies largely support a one-factor solution which points to a general factor of disablement rather than a multidimensional structure. However, latent class analysis can uncover other patterns that may exist. For example, subgroups of people may score high on only a subset of items such as cognitive disablement, whereas others may score high on the full set of items. Identifying distinct classes of individuals (i.e. different subgroups based on their patterns of responses) can be useful for delineating subtypes of disability patterns, which may have important implications for screening and treatment. To our knowledge, no research has investigated patterns of disablement in the adult population.
In a pooled dataset of community samples of adults, the main objectives of this study were: 1) to use confirmatory factor analysis to determine whether a one factor solution fits the data, as has been found previously in the literature; 2) to investigate the structure of responses to the 12 items in terms of prototypical profiles using latent class analysis; and 3) to evaluate the convergent validity of latent class sub-groups with respect to sociodemographic variables as well as number of days affected by disabilities and measures of stress, mental health and substance use.
Methods

Participants
The present analyses were based on data collected in four studies conducted as part of a multidisciplinary team project, Researching Health in Ontario Communities, which tested innovative methods for studying mental health, substance use and violence problems in diverse communities using a mobile research laboratory (Wells et al., 2011) . Four studies were conducted in four communities of varying sizes (populations of approximately 18,000 to over 200,000) in Southern Ontario, Canada.
The Consumer Journey study (n=132 consumers, 68 family members) recruited adults (aged 18 and over) who had mental health and/or substance use problems and had sought treatment for either or both type of problem (i.e. consumers) and family members of consumers through posters placed in local treatment agencies and other public settings in four communities.
Interviews were conducted to better understand experiences of seeking and receiving care for people who have mental health and/or substance use problems.
The Valuations of Health States study (n=101) assessed perceptions regarding the disabling effects of different health conditions in two communities. Adults (aged 18 and over) were recruited using advertisements and posters placed at various locations in the community requesting volunteers who "sometimes feel sad or blue or think you drink too much."
The Communication and Conflict and Young Adults study (n=58) recruited young adults (aged 18 to 29) to examine conflict in intimate partner relationships in two communities.
Participants were recruited using respondent-driven sampling, a form of chain referral or snowball sampling involving recruitment of a small number of initial participants known as "seeds" who then recruit additional eligible participants (Heckathorn, 1997) . The seeds were recruited using posters in public places or were approached at a local shopping mall and asked to participate.
The Random Walk study (n=92) used a modified "random walk" strategy to generate a random sample of the general population in one community. This involved a two-stage cluster sampling design, with the random selection of blocks using Canadian census data and the random selection of households within blocks (Flynn et al., 2013) .
All participants, regardless of the study, completed a core questionnaire which included a wide range of questions relating to stress and mental health. The combined sample included 451 participants; however 4 people were excluded from the latent class analysis due to missing data needed to calculate probability of membership in each class (N=447). The diversity of this pooled sample is considered ideal for factor analytic studies because it increases variance in the variables (Kline, 1994) .
Self-report measures
Disability. To assess disablement or daily functioning, the 12-item WHODAS 2.0 was used (Üstün et al., 2010b) . Items are rated on the extent of difficulty doing the activity in the past 30 days on five-point scales (none, mild, moderate, severe, extreme/cannot do). To facilitate estimation in the latent class analyses, the items were dichotomized: (1) none/mild vs. (2) moderate-extreme/cannot do.
Number of days affected by disabilities. As part of the WHODAS 2.0, three additional questions were included to assess the extent of burden of disabilities. Specifically, participants were asked how many days difficulties were present, how many days participants were totally unable to carry out usual activities or work because of any health condition, and how many days they had to cut back or reduce usual activities or work because of any health condition.
Stress. Stress was measured with the 10-item Perceived Stress Scale (PSS; Cohen et al., 1983 ) which asks about frequency of stress in the previous month. Each item ranges from 0=never to 4=very often with a total score ranging from 0-40. A 17-item Chronic Stress Scale composed of yes/no questions (ranging from 0-17) was also used. This scale captures ongoing stress in a person's life and uses several items from Turner et al. (1995) , as used by Shields (UM-CIDI) was used to measure depression, from which two variables were computed: (1) meeting criteria for a diagnosis of major depression (based on a score of 3 or higher) and (2) total score (ranging from 0-7) (Kessler et al., 1998) . For anxiety, two screener items from the CIDI Short Form were used, with endorsement of both indicating anxiety problems.
Substance use. For prescription drug use, respondents were asked whether they had used antidepressants or sedatives/tranquilizers in the previous 12 months. To assess hazardous/harmful alcohol consumption, the 10-item Alcohol Use Disorders Identification Test (AUDIT) was used (Saunders et al., 1993) . The total score was used in addition to a cut-off of 16 or more to indicate harmful drinking. Because the total AUDIT score is largely driven by responses to the first three items on alcohol consumption (Bernards et al., 2007) , we calculated two subscores on the AUDIT: (1) consumption and (2) alcohol dependence/consequences (Babor et al., 2001) . For tobacco use, participants were asked whether they were a current smoker and usual number of cigarettes smoked per day (Heatherton et al., 1989) . They were also asked about any marijuana use and use of other illicit drugs in the previous 12 months.
Analysis
Confirmatory factor analysis (CFA) of the items was conducted in Mplus 6.12 Muthén, 1998-2012 ) with a weighted least squares estimator using mean and variance adjusted chi-square test statistics (WLSMV). The "categorical" outcome variable option was specified to indicate that items were measured on an ordered discrete category "scale" rather than on a continuous scale. In Mplus, this specification refers to Samejima's graded response models (Baker and Kim, 2004; Samejima, 1969) .
Latent Class Analysis (LCA) with Mplus was used to classify participants into distinct classes based on patterns of responses on the WHODAS 2.0 items. A maximum likelihood robust estimator was used. LCA is conceptually similar to cluster analysis in that both techniques aim to identify meaningful groups of subjects who have similar responses to a set of variables.
However, LCA uses a modelling approach to derive the classes. A latent categorical variable is modelled with a specific number of classes that account for particular patterns of responses on the observed variables and likelihood of membership in the classes. Thus, the class to which a person is more likely to belong is thought to explain his/her scores (level) on the observed indicator variables. The central assumption in LCA is conditional independence, which means that the covariances between the items are explained by the class latent variable. As such, no
residual correlations between the items should exist.
The optimal number of classes was determined by comparing models differing in number of classes starting with one class and continuing upward until the best model fit was obtained (Nylund et al., 2007) . Indices of model fit were considered, including Akaike's Information
Criterion (AIC; Akaike, 1987) and the adjusted Bayesian Information Criterion (BIC; Schwartz, 1978) . We also used an approximation of the chi square difference test (Lo et al., 2001 ) as well as the index, Entropy, which indicates the precision of classification (Magidson and Vermunt, 2002) . Finally, Mplus provides a parametric bootstrap method, the bootstrap likelihood ratio test (BLRT), to estimate the distribution of the log likelihood difference test and provide a test to compare the increase in model fit by adding a class.
After deriving the latent classes, we assessed whether membership in these classes was associated with socio-demographic variables as well as days affected by disabilities, stress, mental health, and substance use using Chi-square tests and one-way analysis of variance (ANOVA). For pairwise post-hoc comparisons, Bonferroni corrections were used in ANOVA and Chi-square tests were conducted to examine specific contrasts as recommended by McDonald (2014) . Finally, multinomial logistic regression analyses were performed to assess whether class membership was associated with days affected by disabilities, stress, mental health, and substance use, controlling for the socio-demographic variables.
Results
Confirmatory factor analysis
A series of nested models presented in Table 1 was estimated: a one-factor model, followed by a one-factor model with one, two, and three correlated residuals, respectively. These correlated residuals are theoretically valid because they refer to items from the same subdomains (i.e. items 1 and 7 "getting around", items 8 and 9 "self-care", and items 10 and 11 "getting along with people"). These models show that the final model with one factor and three correlated residuals has the best fit. The item loadings and response proportions are presented in Table 2 . It can be seen that all items have substantial loadings and variability in the responses. The coefficient alpha for the scale was .90, which can be considered excellent for internal consistency given the overall instrument length.
Latent class analysis
Models from one to five classes were tested, and the four-class model was selected based on indices of fit (Table 3 ). The decision to retain the model with four classes rather than five was based on the fact that, although the bootstrapped LRT was significant in both the four and five class models, the LRT test (Lo et al., 2001) approached significance for only the four-class model. Conditional item probabilities associated with each class were inspected and are illustrated in Figure 1 for the four classes. These show the probabilities that an individual in a given class will endorse that item (i.e. none-mild vs. moderate-severe-extreme) and suggest four distinct patterns. In addition to these indices, the posterior probabilities indicate the probability that an individual will be classified in a given class, and individuals are classified based on their highest class probability. The number of individuals classified in each class is presented at the bottom of Table 3 . Notably, the present findings are based on dichotomized WHODAS items (none/mild vs. moderate-extreme/cannot do); these analyses were also performed using a different cut-off (i.e., none vs. all other categories) and the results were similar.
The classes as shown in Figure 1 can be described semantically by referring to items with high probabilities. We can apply the concept of simple structure in factor analysis to LCA to refer to latent class separation (Collins and Lanza, 2010) . In the four-class model, the first class which can be labelled "pervasive disability" defines 19.1% of the sample. Individuals in this category have a high likelihood of endorsing all items with the exception of washing the whole body and getting dressed. These last two items have a probability of less than 50% but are endorsed more frequently by individuals in this class than those in the other classes.
The second class denoted "physical disability" includes 10.8% of the sample and can be distinguished by a high probability of difficulty standing for long periods and walking long distances, and a moderate probability of difficulty with household responsibilities, being emotionally affected by health problems and having difficulty with day-to-day work. Overall, this class seems to capture difficulty with daily physical activities.
The third class denoted "emotional, cognitive, or interpersonal disability" includes 28.6%
of the sample and reflects difficulties joining community activities, concentrating on doing something, dealing with people they don't know, and being emotionally affected by health problems. This class appears to capture difficulties in social and cognitive functioning as well as dealing with the emotional impact of health issues.
The fourth category denoted "no/low disability" includes 41.5% of the sample and refers to the lack of any disabilities with low probability of endorsing any of the 12 items. This class therefore represents a substantial proportion of individuals who do not report any disabilities. (emotional, cognitive, or interpersonal disabilities) were more likely to not have completed high school, to not be working for pay, and to have a lower household income (i.e. <$20,000) compared to Class 4. Individuals in Class 4 (no/low disability) were slightly younger (e.g. 18-29 years) than those in classes 1 and 2 and were more likely to be married/living with a partner compared to those in Class 1 and they were more likely to have completed high school, and to have a higher household income than classes 1 and 3 and more likely to be working for pay than all other classes.
Association between latent classes and socio-demographics
As shown in Class 2 (physical disability) membership was associated with more days of difficulties present (compared to classes 3 and 4) as well as more days unable to do usual activities and days of reduced usual activities compared to Class 4 but fewer days when compared to Class 1. Class 2 was also more likely to have anxiety compared to Class 4. Class 3 (emotional, cognitive, or interpersonal disability) membership was associated with more perceived stress, depression, depressive symptoms, sedative/tranquilizer use, and marijuana and illicit drug use compared to classes 2 and 4. Class 3 membership was also associated with more days of difficulties present, days unable to do usual activities, days of reduced usual activities as well as more chronic stress, anxiety, antidepressant use, and average number of cigarettes compared to Class 4. Individuals in Class 4 (no/low disability) had the lowest scores and prevalence on most of the above variables.
Finally, Table 6 shows the adjusted relative risk ratios (RRRs) for number of days affected by disabilities, stress, mental health and substance use for the first three classes (1, 2 &
3) compared to the no/low disability class (Class 4), controlling for socio-demographic variables that were found to be significant in the analyses above (i.e., age, marital status, education, income, employment and income). These analyses were conducted to determine whether differences in mental health/substance use variables remained significant despite any differences across the classes in the socio-demographic variables. Overall, most of the differences detected above remained significant controlling for the socio-demographic variables, with the exception of smoking (difference between classes 1 and 4) and marijuana use (between classes 3 and 4)
which became non-significant with these additional controls.
Discussion
Support for a one-factor solution
This study provided support for the psychometric soundness of the 12-item WHODAS 2.0. Consistent with other studies, we found support for a one-factor model. However, including three correlated residuals among items from related subdomains improved fit. In particular, standing for long periods of time (item 1) was correlated with walking a long distance (item 7, "getting around" domain). Washing your whole body (item 8) was correlated with getting dressed (item 9, "self-care" domain). Dealing with people you do not know (item 10) was correlated with maintaining a friendship (item 11, "getting along with people" domain). These three error covariances were also found by Luciano et al. (2010b) . These covariances violate IRT assumptions; however, IRT is considered robust to this violation when examining scales with more than 10 items (Edelen and Reeve, 2007) . Thus, it is preferable to retain the full set of items and the scale may be considered unidimensional. These findings suggest that the WHODAS 2.0 measures a general factor of disablement.
Prototypical profiles
Although our findings support a general factor of disablement, LCA identified four different subgroups of people with distinct patterns of responses (classes). These four classes were indicative of: 1) pervasive disability (19.1%), 2) physical disability (10.8%), 3) emotional, cognitive, or interpersonal disability (28.6%), and 4) no/low disability (41.5%).
Pervasive disability class
Individuals in the pervasive disability class had a high likelihood of endorsing most of the disability items (except washing and getting dressed). Thus, individuals in this class appear to have disabilities spanning several domains, including understanding and interacting with the world, moving and getting around, getting along with people, life activities and participation in society. Individuals with pervasive disabilities were the most likely to occupy low socioeconomic status positions, including not working for pay, having less education and lower household income. Given that this class most likely reflects people with more severe disabilities, this finding appears to be consistent with evidence that people with severe disabilities are more likely to have lower education levels, to be unemployed, and to have lower income levels (Statistics Canada, 2015) . For example, Turcotte (2014) found that 26% of those with very severe disabilities were employed compared to 54% of those with moderate disabilities and 84% of those with no disabilities.
Individuals in the pervasive disability class were also found to have a wide range of mental health and substance use problems. This group was characterized by having higher levels of stress, including perceived stress and chronic stress and they were more likely to meet criteria for depression and anxiety. This finding is consistent with the literature on general links of disability with depression and anxiety (Deschênes et al., 2015; el-Guebaly et al., 2007; Karvonen-Gutierrez and Ylitalo, 2013; Mitra et al., 2005; Robinson-Whelen et al., 2013; Wilber et al., 2002) . For example, using the 12-item WHODAS 2.0, Deschênes et al. (2015) found that major depressive disorder was positively associated with functional disability and more disability days, and this effect was moderated by chronic physical health conditions. Additionally, Hendriks et al. (2014) found that all anxiety disorders were associated with greater disability.
Individuals in the pervasive disability class were also more likely to report prescription drug use, alcohol dependence/consequences, marijuana and illicit drug use, smoking, and a higher number of cigarettes per day when compared to individuals with in the physical disabilities or no/low disability classes. These findings are consistent with Glazier & Kling (2013) who found that people with disabilities were more likely to use prescription drugs and illicit drugs than people without disabilties. Pathways thought to explain the association between substance use and disability are that: 1) substance use is a causal factor in disability, 2) substance use is a mediating factor in recovery for people with disabilities (or used for coping), or 3) there is less access to addiction/substance misuse services for people with disabilities (Glazier and Kling, 2013) . Interestingly, while tobacco use was higher in the pervasive disability class than the no/low disability class in the bivariate analyses, this effect became non-significant controlling for socio-demographic variables, suggesting that this difference may have reflected socio-demographic differences between these classes.
Physical disability class
The physical disability class mainly had difficulties standing, walking, and working (both at home and at work) but were also emotionally affected by health problems. This group tended to be older (65+ years) than both those with emotional, cognitive, and interpersonal disabilities and no/low disability, consistent with evidence that physical disabilities increase with age (Statistics Canada, 2015) . Individuals in this class were also less likely to be working for pay compared to those with no/low disability but had a higher household income ($40,000+) than those with pervasive disabilities. Relative to those with no/low disability, individuals in the physical disability class reported more perceived stress and mental health problems, including depression and anxiety. This finding is generally consistent with evidence that physical disability is correlated with stress. For example, one study of women with physical disabilities found that stress was linked to more mobility limitations and higher levels of required assistance (Hughes et al., 2005) .
Emotional, cognitive, and interpersonal disability class
The emotional, cognitive, and interpersonal disability class was characterized by having more difficulties getting along with other people, including dealing with people they don't know and joining community activities. They also had trouble concentrating and were emotionally affected by their health problems. Thus, this class appears to represent individuals who have mental health-related disabilities. Members of this class tended to be younger (i.e. 30-49 years) than those with no/low disability. This class was also over-represented in the lower socioeconomic categories, including lower education, not working for pay, and lower income compared to those with no/low disability. This finding supports evidence that people who have mental-health related disabilities tend to have lower levels of education, are less likely to be employed and have lower income levels (Bizier et al., 2015) . This is consistent with a social determinants of health perspective, suggesting that people's living conditions and social disadvantage can contribute to mental health challenges (see Raphael, 2009 Similar to individuals in the pervasive disability class, individuals in the emotional, cognitive, and interpersonal disability class were more likely than those with no/low disability (and often those in the physical disabilities class) to have high levels of stress, depression and anxiety, and use prescription drugs, marijuana, and illicit drugs. However, the effect for marijuana became non-significant controlling for the socio-demographic variables, suggesting that differences between classes 3 and 4 in use of marijuana may reflect socio-demographic differences. Finally, heavy smoking (i.e., number of cigarettes per day) was more common among smokers in this class compared to smokers in the no/low disability class. This effect remained significant controlling for socio-demographics and is consistent with Jarrett and Pignataro (2013) who found that individuals with mental disabilities reported the highest rates of smoking compared with individuals with other disabilities (learning, sensory, and physical disabilities).
Limitations
This study used a pooled database from different substudies. The samples from these substudies were found to be associated with the resultant latent classes. Not surprisingly, the Consumer Journey study sample (people with mental health and/or substance use problems)
consisted of the largest proportion of people in the pervasive disability and the emotional, cognitive, interpersonal disability classes while the Random Walk study sample (general population) had the smallest proportion of people in these classes. An advantage of using the pooled database is that we were able to collect data from diverse populations, including people who had mental health and/or substance use problems. However, the substudy sample sizes were too small for separate LCA analyses. In any latent class analysis, the nature of the classes and their prevalence depend partly on the characteristics of the sample. Therefore, future analyses are needed to determine whether the latent class structure can be replicated in a larger and more generalizable sample. Additionally, while LCA was useful in identifying homogeneous subgroups of individuals with different types of disabilities, further research is needed to assess the predictive validity of the latent classes in a prospective study.
While the CFA suggests that the 12-item WHODAS 2.0 can be used as a single factor reflecting overall functioning, the LCA reveals qualitatively different patterns (i.e., classes differing in shape) as well as evidence of latent classes differing in level of overall functioning.
Recent developments in mixture modeling research such as factor mixture models provide a way to combine factor and latent class analyses (see e.g. Hallquist and Wright, 2014; Lubke and Miller, 2015; Miettunen et al., 2016) . Although it is beyond the scope of this paper to attempt to disentangle shape from level effects in disability item responses using these newer techniques, future studies with larger samples aimed specifically at comparing various latent models would add to construct validation research of the WHODAS 2.0.
Implications
These findings are largely consistent with the literature and offer support for convergent validity of the WHODAS 2.0 latent classes, with the classes representing disability ranking higher on most measures of stress and mental health compared to the no/low disability class. In some instances, these classes also ranked higher on substance use measures, including alcohol dependence/consequences, smoking, and illicit drug use. These classes offer a simple and meaningful way to classify people with disabilities based on the 12-item WHODAS 2.0. Karvonen-Gutierrez & Ylitalo (2013) suggested that the 36-item WHODAS 2.0 could be used to assess each of the original six domains to gather information about the nature of one's disability.
Using the present four classes provides an alternative way to examine the nature of one's disability as individuals scoring high on one domain may also score high on others in differing combinations. Focusing on individuals with a high probability of being in one of the first three classes may also help guide interventions. 
